Background: In this study, we aimed to evaluate the coronary sinus (CS) morphol-
| INTRODUCTİ ON
Larger coronary sinus (CS) ostium in patients with atrioventricular nodal reentrant tachycardia (AVNRT) may cause separation of the atrial entries. These entries can reach the atrioventricular (AV) node or a different node physiology by creating an increased anisotropic conduction, when compared to other supraventricular tachycardia (SVT) types. 1, 2 Previous studies have reported that CS cannulation was easier and simpler in patients with AVNRT diagnosis than in patients with
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other types of SVT. 3 The CS morphology was evaluated by fluoroscopy in previous studies. 4, 5 The CS can be visualized by using zoom M-mode recordings of it in apical two-and four-chamber views. However, the CS ostium size changes by cardiac cycle, which leads to varying CS measurements and limits the applicability of two-dimensional (2D) echocardiography. 6 Conca et al 7 used threedimensional (3D) real-time echocardiography to measure the CS ostium and demonstrated that 3D echocardiography provided adequate images of the CS with accurate determination of the CS size in a short acquisition and reconstruction time.
The aim of our study was to evaluate the CS morphology by 3D transthoracic echocardiography (3D-TTE) in patients, with or without SVT diagnosis, who underwent electrophysiological study (EPS).
| ME TH ODS

| Patient population and demographic data
The present cross-sectional study included 187 patients who under- 
| Three-dimensional transthoracic examination
Electrocardiogram (ECG)-guided 3D-TTE images were reviewed by an experienced operator using an EPIQ 7 (Philips Healthcare) echocardiography device, which has 3D data collection software. All patients were asked to hold their breaths at the end of expiration for 8-10 seconds to create better multiplanar images from apical frames. The CS was recorded through the highest density setting. At least two or three images were digitally stored for further offline analysis. The multiplanar images were separated from the anterior to posterior side until the short axis of the CS could be visualized. After determination of the CS, the images were cut again from the atrial or ventricular plane. The coronary sinus area (CSA) was determined from the point where the CS opens into the right atrium (RA). The lower and upper borders of the CS ostium were taken as reference points. Consequently, the best image of the CS ostium was achieved.
The CSA and CS diameter (CSD) were measured after the 3D image of the CS was created (Figure 1 ).
| Electrophysiological analysis
The EPS was performed through the standard right femoral vein AVNRT and without AVNRT, using appropriate protocols. 
| Statistical analysis
The variables were divided into two groups as categorical and continuous. The Kolmogorov-Smirnov test was used to assess whether 
| RESULTS
The patients were divided into three groups: AVNRT (n = 72), non-AVNRT SVT (n = 58), and normal EPS (n = 57). The comparison of general demographics revealed that the distribution and values of all parameters were similar between the groups ( Table 1 ). The interventricular septum thickness was significantly higher in the normal EPS group than in the non-AVNRT SVT group. The diameter of the ascending aorta was significantly larger in the AVNRT group than in the normal EPS group. The other TTE findings were similar between the groups ( Table 2 ). The evaluation of the 3D-TTE data revealed that the CSD and CSA were significantly lower in the normal EPS group than in the non-AVNRT SVT group. There was no significant difference in the CSD between the AVNRT and non-AVNRT groups.
However, the CSA was significantly larger in the AVNRT group than in the non-AVNRT SVT group (Table 3) . A correlation analysis was performed between the CSD, CSA, and other parameters. Some of the parameters were shown to be significantly correlated with the CSA and CSD (Table 4) . A linear regression analysis was performed using parameters which that significantly correlated with the CSA and CSD. The LV systolic diameter, LA diameter, and the body mass index were independently associated with the CSD (Table 5 ). The LA diameter and age were independently associated with the CSA (Table 6 ).
| D İ SCUSSİ ON
In the present study, the CSD and CSA were detected to be larger in patients with SVT than in those without SVT. The CSD was similar in the AVNRT and non-AVNRT SVT groups. The CSA was significantly larger in the AVNRT group than in the non-AVNRT SVT group. To the best of our knowledge, this study is the first to evaluate the CSD and CSA by using 3D-TTE. Furthermore, age and the LA diameter were found to be independently associated with the CSD and CSA. The values were shown as mean ± SD or n (%).
There are conflict results about the CSD in patients with or without AVNRT. The usage of different methods for CSD evaluation may be one of the causes of this conflict. The two aforementioned studies were performed using retrograde venography, whereas the others were assessed using ICE. We used 3D-TTE for the evaluation of CS. In our study, the mean CSA was detected to be larger in the AVNRT group than in the non-AVNRT SVT group. This finding complies with the previous studies. Okumura et al 10 examined the anatomy of the CS using the 3D ICE method. We used the 3D-TTE method for the measurements of the CSD and CSA, which can be easily used in regular practice.
The structure of the CS ostium is usually elliptic. The CS morphology is generally seen in two types: windsock and tubular. It is The significant difference between normal EPS group and non-AVNRT SVT group (P < 0.05). The significant difference between AVNRT group and non-AVNRT SVT group (P < 0.05).
T A B L E 4
The parameters associated with coronary sinus diameter and coronary sinus area | 629 logical to measure a windsock-type CS from different points. We performed measurements only from the CS ostium, and did not make any distinction between the tubular or windsock morphology.
The ostium diameter is wide in the windsock-type CS, but it gets narrower in the distal parts. Perhaps, we could not find any difference between the groups because we made the measurements from the inner parts of the CS. Okumura et al 11 found that the CSA and the occurrence of windsock type were significantly higher in the AVNRT group.
When compared to other studies, the inclusion of patients without SVT is an advantage of our study. One of the significant findings in our study was that the CSD and CSA were larger in patients with SVT than in those without SVT. We hypothesize that the larger CSD value in patients with AVNRT may have a role in the pathogenesis of tachyarrhythmia. The dual AV node pathway physiology is a common finding that may represent a variation from the normal; this is explained by the existence of multiple atrionodal entrances into the AV node. 2 An increased CS ostium may stretch surrounding the normal atrial tissue and change the conduction characteristics of the periosteal tissue. Therefore, it may create a decelerated potential area. Previous studies have showed that increased stretching might change the electrophysiological characteristics of the cardiac tissue.
11,12
As a known fact, the most common explanation of the pathophysiology of AVNRT is dual AV node pathway physiology which means that two different conduction routes, with different conduction rates and refractory periods, exist together. However, some additional factors are needed for the occurrence of such arrhythmias. The most commonly adopted hypothesis is that there is a slow conduction area that may lead to anisotropy. A dilated CS ostium may increase the conduction distance and create such a potential. 13 Besides, such anatomical structures may have different functional lengths and conduction times. The association between anatomical and electrophysiological characteristics seems more complex than expected. The existence of different AVNRT forms in a single patient also supports this idea. LA diameter and age were closely associated with the CSA in our study. There may be structural changes or enlargement in the CSA and CSD, like the other cardiac and vascular tissues, with aging. We also think that the following reasons may explain the association between the increased LA diameter and CSA-CSD values: (a) The LA and CS are close to each other; hence, they are exposed to the same pathophysiological processes, and (b) they may both be enlarged by frequent tachyarrhythmias.
| Limitations
In addition to the CS shape, the venous phase of coronary angiography was not evaluated by coronary computed tomography angiogra- 
| CONCLUSİ ON
The CSD and CSA were assessed by 3D-TTE, which detected differences and dilatation in the patients with SVT compared to the normal individuals. No significant difference was found in the CSD between the AVNRT and non-AVNRT SVT groups. However, patients the AVNRT group were found to have a larger CSA than those in the non-AVNRT SVT group.
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